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(54) Lift inetaliation for preventing premature closure of the eliding doors 



(57) In a lift installalion In which a multi-beam curtain 
(primary beam) extends across a lift car door opening, 
auxiliary transmitters direct secondary beams towards a 
detection zone in front of landing doors. The multi-beam 
curtain is intercepted by a passenger entering the lift to 
prevent premature door ctosure. However, premature 
closure is also prevented when a passenger stands in 
front of the landing doors, thereby causing some of the 
secondary beam to be reflected onto auxiliary receivers. 
This provides a tow cost eolutton to the problem of 
non-detectton of an obstruction in the closing path of the 
landing doors, but not Intercepting the primary beam sys- 
tem and also provides an increase in the passenger con- 
venience of the lift, as the doors are held open for a pas- 
senger approaching the lift, but not yet intemipting the 
primary beams. 
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Description 

This invention relates to a lift installation and, more 
particularly, to apparatus which is used for controlling the 
movement of sliding doors in a lift car and on a floor or 

landing. 

In a typical lift installation, a lift car travels in a hoist- 
way between landings or floors and, at each floor, sliding 
lift doors and sliding landing doors open simultaneously 
to albw access to the lift. Usually, pairs of doors are sli- 
dabty retracted apart (when open), or siidabiy moved to- 
gether (when closed). (However, a single sliding door 
may close against a door post in both the lift car and the 
landing door opening.) The following description will re- 
fer to pairs of sliding doors, but it will be understood that 
the same principles apply to single siding doors. 

As well known in the art, premature closure of the 
sliding doors can be prevented by the interception of a 
beam, such as an infrared light beam, which is transmit- 
ted across the lift doorframe or opening and received by 
a corresponding receiver or detector which is connected 
to circuitry conUoiling a motor that causes door move- 
ment. When the obstruction is removed, there is usually 
a brief delay before the doors are allowed to cbse. In 
order to ensure operation at different heights above floor 
level (e.g. to ensure detection of.children. animals, or tow 
objects), multi-beam curtains are used across the lift car 
doonvay. These usually include an array of vertically 
spaced transminers (e.g. infrared transmitting diodes), 
which are arranged at one side of the lift door opening 
and which transmit beams to corresponding receivers 
(e.g. infrared responsive diodes), which are arranged in 
a vertically spaced array at the other side of the lift door 
opening. The transmitter and receiver arrays are In the 
form of strips, which are mounted adjacent respective 
closing edges of the lift car door, whereby the arrays 
move togetfier with the respective doors and, when the 
doors are open, provide a grid of horizontal beams ex- 
tending across the lift doorframe or opening. If any beam 
is intercepted, the energy received by the detector is re- 
duced, thereby triggering the circuitry which prevents 
di closure. (N.B. The term "beam* is used generally 
to denote any suitable form of energy, such as light, 
sound, or radio waves, and appropriate transmitters and 
receivers therefor) 

There is often a gap, of the order of 100 mm. be- 
tween the landing doors an the lift car doors, this gap 
providing the running clearance for the lift car In the hoist* 
way. This gap, and the fact that transmitter and receiver 
strips are mounted on the lift car doors (i.e. inboard of 
the landing doors) can cause the following problem to 
occur. If an obstruction is present in the cbsing path of 
the tarKling doors, the obstruction wilt not be detected 
unless and until it intercepts the multi-beam curtain 
which extends across the lift car door opening. Accord- 
ingly, in the case where a passenger does not move f or- 
wardiy into a lift car. as would be expected, then (e.g.) 
the passenger's hand, or a child passenger, would be- 



come accidentally trapped in the landing doors when 
they close. Whilst this is an abnormal situation, it is nev- 
ertheless necessary to take steps to prevent any such 
accidents from occurring. 

5 Although transmitter and receiver strips could be fit- 
ted to each of the landing doors, on each floor, and con- 
nected to circuitry for conlroQing the respective landing 
doors to prevent such entrapment, this is not a satisfac- 
tory solutk)n to the problem. It woukj be very expensive 

^0 to fit such transmitter and receiver strips to the landing 
doors on every floor and to install the necessary circuitry 
to control closure of the landing doors on each floor. 

The problem therefore faced by the iriventbn is to 
improve the detectbn of an obstruction in the vicinity of 

T5 the landing door opening, without adding appreciably to 
the cost of the lift installation. 

The invention solves this problem by provMIng a Oft 
installation comprising a lift car having at least one sliding 
door which moves across a lift car door opening; a hoist- 

20 way in which the lift car moves between floors, the hoist- 
way having at least one sKiding door on each floor; pri- 
mary beam transmitter means fitted to the lift car for 
transnnitting a primary beam or beams across the lift car 
door opening; primary beam receiver means fitted to the 

SB lift car for receiving the prinnary beam or beams; a^d cir- 
cuitry connected to the primary beam receiver means for 
preventing door closure when any of the transmitted pri- 
mary beams is intercepted; 

characterised in that one or more auxiliary transmitters 

30 and receivers are fitted to the lift car so that with the lift 
car and landing doors open, each auxiliary transmitter 
transmits a secondary beam into a detectbn zone out- 
side the lift car and in front of the landing door or doors, 
and so that any ref lectbn of the secondary beam, by an 

^ object in the detection zone is received by one or more 
of the auxiliary receivers, the auxiliary receivers beling 
connected to the circuitry which prevents door closure; 
each auxiliary receh/er being arranged so that it does not 
respond to any direct secondary beam radiation which 

^ could otherwise prevent door cbsure. 

A partbular advantage of the invention is that the 
auxiliary transmitters and receivers need only be fitted 
to the lift car door(s), so that when an object is present 
in the detection zone the auxiFary receiver(s) wilt re- 

^ spond to reflectbn of the secondary beam, thereby pro- 
viding an additional measure to prevent premature door 
cbsure. This advantage would be provided, for example, 
h a situation where a passenger stood in front of the 
landing doors withoiJt entering the lift. Whilst the inven- 

so tion would detect the presence of such a passenger, the 
primary beam transmitter/receiver arrangement abne 
woukj not. 

The invention also provides a low cost solutbn to 
the above noted problem, because it is only necessary 
ss to modify the transmitter and receiver strips in existing 
lift installations and to snstail circuitry which responds to 
both prinriary and second beam interception. All such 
equipment is normally easily accessible on t^e lift car. 
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The auxiliary transmitters and receivers are prefer- 
ably disposed in a relatively staggered relationship, so 
as to reduce or to eliminate any response to any other- 
wise directly received secondary beam radiation, espe- 
cialiy as the doors close. Such a staggered relationship 
may be provided in a vertical array by arranging the aux- 
iliary transmitters and receivers at different heights 
above floor level. 

The intensity of radiation received by the primary re- 
ceivers will increase as the lift car door or doors close. 
In the preferred embodiment of the invention, the circuil- 
ry includes a gain adjuster responsive io the strength 
the primary beam signal, to adjust gain in the processing 
of secondary beam signals. For example, the gain is 
caused to decrease as the doors close, so as to reduce 
the sensitivity of the auxiliary receivers. 

Preferably, each auxiliary transmitter and receiver 
has a field of view vi/hich Is inclined at an angle to the 
plane of the lift car door opening, an overlapping zone of 
said fields of view being the detection zone from which 
a reflection, from an object, can be received. In the case 
of directional transmitters and receivers, these may be 
inclined at approximately 45" to the plane of the lift door 
opening, so that their directional axes intersect at a point 
which is a predetermined distance away from the landing 
door or doors. The secondary beam of the auxiliary 
transmftter(s) may cfiverge and the field of view of the 
auxiliary receiver(s) may also diverge, whereby the size 
of the detection zone is increased. It will be af^reciated 
that the detection zone will move gradually towards the 
lift car door opening as the doors close, when the auxil- 
iary transnrutters and/or receivers move with the lift car 
doors. 

Shields may be provided to prevent any crosstalk 
between the primary and auxiliary beam eystems. 

It is possible to employ two or more groups of aux- 
iliary transmitters and receivers disposed at different lilt 
angles to the primary transmitters/receivers. This will 
provide detection zones at different distances from the 
doors. As any one detection zone travels towards the 
doors as they close, it is possible tor the zone to outrun 
a passenger walking towards the doors and so not detect 
their presence. By having two or more auxiliary groups 
at different lilt angles, it is possible to switch between the 
groups to counteract the retreating motion ot the detec- 
tion zones. This enables objects still be detected during 
the latter stages ot door closure. In addition, the use of 
multiple auxiliary groups enables informatton on the mo- 
tion vector of an object to be obtained. If an auxiliary 
group having a detection zone nearer the doors detects 
an object before an auxiliary group having a detectron 
zone further out, then the object is moving away from the 
lift and can be Ignored. If the group with the outer detec- 
tion zone detects before the group with the inner detec- 
tion zone, then the object is moving towards the lift and 
the doors shouM be actuated to re-open. 

An embodiment of the invention will now be de- 
scribed with reference to the accompanying schenfiatic 



drawings in which: 

Fig. 1 is a plan view of a lift installatbn in accordance 
with an embodiment of the inventbn. 

5 

Fig. 2 is an elevation showing the positkDns of trans- 
mitters and receivers, and 

Fig. 3 is a bbck circuit diagram. 

Referring to the drawings, a lift car (not shown) has 
lift car doors 1 which are spaced, by clearance gap 2 
from landing doors 3. The gap 2 approximately repre- 
sents the hoistway in which the lift travels, although the 

'5 running clearance Is normally less than that indicated by 
the drawing- 
Mounted adjacent the ctosing edge of each lift door 
1 are respective strips 4 and 5. Each strip Is of C-shape 
cross-section and it contains an array of vertically 

20 spaced transmiilers or reoeiveris. Only one of each is 
shown in the cross-section. Strip 4 contains transmitters 
6. such as infrared light transmitting dkxies. .Each of 
these transmits a thin narrow primary beam 7 to a cor- 
responding primary beam receiver 6, such as an infrared 

^5 sensitive photodiode. Beam 7 is one of a plurality of 
beams extending horizontally across the lift car door 
opening, thereby providing a multi-baam curtain. Clicuit- 
. ry (not shown) connected to receivers 8 is triggered by 
Interception of beams 7 as a passenger enters the lift. 

30 This prevents door ctosure as explained above. 

Auxiliary transmitters 9 and receivers 10. whichmay 
t>e similar infrared diodes, are. located in the respective 
strips 4 and 5. The auxiliary- transmittef;s 9 transmit re- 
spective secondary beams of (e.g.) infrared radiatkm, 

3S but these beams are not directly received by the receiv- 
ers (since they are not k)cated on the optical paths of the 
transmitters 9). Secondary beam 11 Is radated at an an- 
gle (e.g. about 45*) from the prinriary t>eam axis 7 to- 
wards a zone in front of the landing doors 3. In the ab- 

"to sence of any object, such as passenger 1 2. no reflection 
of the secondary: bjeams is received by auxiliary receiv- 
ers 10a. lOb, lOc. However, when a passenger 12 enters 
detection zone 13, which is represented by overtapping 
fields of view of transmitter 9 and receiver 10, (receiver 

45 10 being simiiarty angled e.g. at about 45* to the primary . 
beam axis 7) secondary beam 1 1 will fall on the passen- 
ger's body and reflected radiatton 14 will be received by 
one or more of the auxiliary receivers 1 0a, 1 0b. 1 0c, Con- 
sequently, even though passenger 12 has not intercept- 
ed primary beams 7. the auxiliary receivers 10 will oper- 
ate to trigger the circuitry to prevent door closure. 

The transmitters 9 arxJ receivers 10 are preferably 
staggered as shown in Fig. 2, by arranging them al dif- 
ferent heightsabove floor level. As shown in the drawing, 

ss receiver 10a is located mid-way between transmitters 
9a, 9b (and so on) as shosm in Fig. 2. The staggered 
relationship helps to prevent any spurious response by 
secondary beam recervers 1 0a-1 Oc, otherwffie due to re- 
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ceiving directly any secondary beam radiation. However, 
this does not prevent the auxiliary receivers from receiv- 
ing secondary beam radiatton reflected from an object, 
because this radiation is reflected at different angles (i.e. 
scattered by a passenger's body, or other object) and 
some will enter one or more of the secondary beam re- 
ceivers 10a- 10c. 

Masks or shields 1 5 are located adjacent each of the 
auxiliary transmitters and receivers 9.10 so as to shield 
them from primary beam radiation. The auxiliary receiv- 
ers 10 are also angled away from the path 7 of the pri- 
mary beam and, in view of this, and the use of shields, 
the auxiliary receivers are arranged so as not to receive 
any direct primary radiation. 

The principle described above, i.e. of using second- 
ary beam as well as primary beam radiation may be used 
with circuitry dt various types, as long as the secondary 
beam reflected signals are used to trigger means for pre- 
venting prennature door closure as explained above. 
However, a brief description wfll now be given of circuitry, 
as shown in Fig. 3, which has been used in a preferred 
embodiment of the invention. Fig. 3 is a schematic blocl< 
diagram which represents a simplified version of a pre- 
ferred detector system. In practice, many of the functions 
would be performed by appropriate software running on 
a micro controller at the core of the control circuit, but 
these functions are shown in an equivalent "hardware" 
version in Fig. 3 (for the sake of explanation). 

In operation, beam multiplexer 1 6 is used as a "mas- 
ter clock' of the system and it determines which detec- 
tion function is operating and which beam of a radiatbn 
pattem is selected. These detection functions are broad- 
iy those associated with use of the primary beam, or sec- 
ondary beam. For example, in a primary beam mode, a 
group of transmitting diodes 6 are turned on and the 
equivalent group of receiving diodes 6 are activated so 
as to receive primary beam radiation and to develop a 
trigger signal if the primary beaim is intercepted, There 
may be. for example, five groups each having eight diode 
transmitting and receiver pairs, each group being con- 
secutively switched on. in turn, so as to scan through a 
total of 4C ^-yftmary beam diode pairs. After scanning the 
five groups of primary beam diode pairs, the secondary 
beam diode pairs (or auxiliary transmitters and receiv- 
ers) are scanned. In this case, all of the auxiliary trans- 
mitters 9 and receivers 1 0 are switched on, because It is 
not necessary to scan thie auxiliary diode pairs separate- 
ly (or in groups). There may be, for example, three dkxJe 
pairs in the secondary beam system. Thus, a cycle may 
be completed in whk:h five groups of primary diodes and 
one group of secondary diodes is scanned or monitored, 
before the cycle Is repeated. Different scanning patterns 
can be used In accordance with requirements. 

When multiplexer 16 selects the direct or primary 
beam pattem. the output of the selected groups of trans- 
mitting diodes modulated with (e.g.) a square wave of 
approximately 15 Khz. and the corresponding receiving 
diodes 6 are monitored by connecting the beam to re- 



ceiving amplifier 1 7. The output of amplifier 1 7 is fed to 
a synchronous detector 20, via a gain control circuit 18. 
where the signal is rectified and converted into a D.C. 
voltage, which is proportional to the received signal 
5 strength. During a scan cycle, when the groups of prima- 
ry beam diode rec6ivers are sequentially monitored, a 
signal level monitor 1B accumulates an ^average' re- 
ceived sigr>al level. If this average value is more or less 
than a preset threshokJ, it is used to change the gain con- 

10 trdi 1 8 to bring the average into the acceptable "wffidow" 
of voltage. Any beams which still fall outside this window 
(on the tow end) are regarded as "bkxjked". A "direct 
beam loss' detector 20 generates a signal to tell an 'ob- 
struction detected relay driver * 21 to switch the door nrx)- 

is tor output to "STOP" or "REVEF=»SE" thereby preventinig 
door ctosure. 

When the multiplexer 16 selects the secondary or 
reflected beam system, signal level monitor 19 then Re- 
members" the gain set when the primary or direct beams 

20 were used and thereby provkle some indication of the 
(ctosing) door aperture width. This "remenfibered" gain, 
is used as a reference for monitor 1 9 to preset the gain 
control 18 to suit known characteristtes of the reflective 
system and thereby avoid having too much or too little 

2S gain for successfully detecting obstruction 1 2 within the 
reflective beaai convergence zone 17. This feedback of 
information from the direct or primary beam system 
therefore enables successful operation of the reflective 
system in the preferred embodinr»nt of the invention. In 

30 other words, the signal from the primary beam system is 
used so as to reduciB the gain or sensitivity of the sec- 
ondary beam detecting system so that door ctosure is 
not accidentally prevented by the receipt of radiatton oth- 
er than that reflected or scattered by the object in the 

55 cofivergert2one13. 

If a reflective obstructton is present in zone 1 3, then 
the reflected signal whtoh is processed by amplifier 17, 
gain control l 8 and synchronous detector 24, will exceed 
a preset trigger* threshokJ and a 'reflected beam in- 

^ crease detector* 22 will respond by activating relay driver 
21 to prevent door ctosure. As a person could be in the 
convergence zone 13 but.not be wanting to enter the lift 
car, a "time out" function device 23 can be actuated after 
a short delay, to allow the doors to close normally AJter- 

^ natively, breaking of the direct beam pattern 7 can be 
used as a signal that passengers are entering or leaving 
the car, so that triggers from the refiecth^e detector 
(which uses beams 12,14) can be acted upon, or Ig- 
nored, as appropriate. For example, if a passenger 

so leaves the car, the direct beanos are broken first and the 
next reflected detection ignored (due to the passenger 
leaving the lift car), in another circumstance, a trigger 
from the reflective detector which is not followed within 
two seconds (for exanrtple) by a trigger from the direct 

S5 detector can be ignored as spurbus and the reflective, 
system briefly disabled to prevent a delay tn the car 
rrxjvement. In short, the reflective system (12,14) is only 
necessary during the early part of door ctosura, because 
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it would not be possible for a passenger to enter the lift 
car, once the doors have closed by a certain amount. 
Therefore, the secondary beam system can, in effect, be 
switched off. or desensitised, afterlhe doors have closed 
by a certain anrwunt (e.g. half closed) to prevent the sec- s 
. ondary beam detectors (1 0) from responding to spurious 
radiation (since the level of radiation will increase as the 
doors close), thereby unnecessarily preventing door clo- 
sure. This would prevent the doors from apparently 
bouncing open and closed due to spurious radiation ef- io 
facts. 

Although one form of circuitry has been described 
above, this Is merely an exanriple of how the principle of 
the Invention can be used, and other circuits may em- 
body the principles of the invention whilst not using all of is 
the features described with reference to Fig. 3. 



Clalme 

20 

1. A lift installation comprising a lift car having at least 
one sliding door which moves across a lift car dOor 
opening; a hoistway in which the lift car moves 
between floore, the hoistway having at least one slid- 
ing door on each floor, primary beam transmitter 2S 
means fitted to the lift car for transmitting a primary 
beam or beams across the lift car ctoor opening; pri- 
mary beam receiver means fitted to the lift car for 
receiving the primary beam or boams, and circuitry 
connected to the primary beam receiver means for 30 
preventing door closure when any of the transmitted 
primary beams is Intercepted; 
characterised in that one or more auxiliary transmit- 
ters and receivers are fitted to the lift car so that, with 
the lift car and landing doors open, each auxiliary 55 
transmitter transmits a secondary beam into a 
detection zone outside the lift car and in front of the 
landing door or doors, and so that any reflection of 
the secondary beam, by an object in the detection 
zone is received by one or nriore of the auxiliary 4o 
receivers, the auxiliary receivers being connected to 
the circuitry prevents door closure, each auxiliary 
receiver being arranged so that it dbes not respond 
to any direct secondary beam radiation which could 
otherwise prevent door closure. 4s 



close. 

5. A lift Installation according to any preceding Claim 
wherein each auxilla^ transmitter and receiver has 
a field of view which is inclined at an angle to a plane 
of the lift car door opening, an overlapping zone of 
said fields of view corresponding with the detection 
zone. 

6. A lift installation according to Claim 5 wherein direc- 
tional axes of the auxiliary transmitters and receivers 
are inclined at approximately 45° to the plane of the 
lift opening, 

7. A lift installatfon according to Claim 5 which com- 
prises two or more groups of auxiliary transmitters 
and receivers, the directional axes of each group 
being at a different angle to the plane of the lift car 
door opening, 

8. A lift installation according to any preceding Clarn 
where shields are provided adjacent ttie auxiliary 
transmitters and receivers so as to prevent any sec- 
orxjary beam radiation from being received directly. 

fi. A lift installation according to any preceding Claim 
wherein the primary transmitters and auxiliary trans- 
mitters are located, in a vertically spaced array on 
one side of a lift door opening, and the primary and 
auxiliary receivers are located in a spaced vertical 
array on the other side of the lift door opening. 

10. A lift installation according to Claim 9 wherein the 
vertical arrays are fixed to or acfjacent closing edges 
of a pair of slidhg doors on the im car. 

11. A lift installation substantially as herein described 
with reference to the accompanying drawings. 



2- A lift installation according to Claim i wherein the 
auxiliary transmitters and receivers are disposed in 
a relatively staggered relatbnship. 

so 

3. A lift installation according to Claiim 1 or 2 wherein 
the circuitry includes a gain adjuster responsive to 
the strength of the prin^ry beam signal for adjusting 
gain in the processing of secondary beam signals. 

55 

4. A lift installation according to Claim 3 wherein the 
gain is adjusted so as to reduce the sensitivity of the 
auxiliary receivers to spurious signals, as the doors 
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FIG. 3 
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Lift installation for preventing premature cloeure of the sliding doorei 



(57) In a lift installation in which a multi-beam curtain 
(primary beam) extends across a lilt car door opening, 
auxiliary transmitters direct secondary beams towards 
a detectbn zone in front of landing doors. The multi- 
beam curtain is intercepted by a passenger entering the 
lift to prevent premature door closure. However, prema- 
ture closure is also prevented when a passenger stands 
in front of the landing doors, thereby causing some of 
the secondary beam to be reflected onto auxiliary re- 
ceivers. This provides a low cost solution to the problem 
of non-detection of an obstruction in the closhg path of 
the landing doors, but not intercepting the primary beam 
system and also provides an increase in the passenger 
convenience of the lift, as the doors are held open for a 
passenger approaching the lift, but not yet interrupting 
the prinriaiy beams. 
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